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CORRESPONDENCE
Comment on Reinterpreting the
Pollen Data from Dos Cabezas
KARL J. REINHARD,a* VAUGHN M. BRYANTb AND SHEILA
DORSEY VINTONc
a School of Natural Resources, 309 Biochemistry Hall, Lincoln, NE 68583-0758, Nebraska,
USA
b Palynology Laboratory, Texas A&M University (TAMU 4352), College Station, TX 77843-
4352, Texas, USA
c Department of Sociology and Anthropology, Room 140, Smith-Curtis Building, Nebraska
Wesleyan University, Lincoln NE 68504-2794, Nebraska, USA
ABSTRACT The published pollen analysis of the Dos Cabezas giants, Geyer et al. (2003), lists a variety of
purported dietary pollen types. The paper also hypothesises that the giants were poisoned
with plant toxins. We have severe reservations about the pollen evidence of diet and
poisoning. We suggest that the analysts made several errors in their interpretation. Firstly,
some of the discovered pollen types are not prehistoric endemics to the Dos Cabezas region
of coastal Peru. These include the pollen of fava beans (cultivated in the Old World), and
specified species of agave and sage.We believe that some or all of the identifications of pollen
from arracacha, maca, yuca, oca, potato, peanut, ciruela and tarwi are in error based on the
distance they grow from Dos Cabezas and/or their ecological/pollination requirements. We
think that it is unlikely that the giants were poisoned because the poisons made from six
poisonous plants are not made from the flowers and five of them grow on the opposite side of
the Andes from Dos Cabezas. We present an alternative dietary interpretation of the Dos
Cabezas giants and suggest methods by which palynological analysis could be improved.
Copyright  2007 John Wiley & Sons, Ltd.
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Introduction
During the summer of 1994, Donnan (2001) began
excavations in the northern coastal region of Peru
at the site of Dos Cabezas. His objective was to
learn more about the beginning of Moche
civilization and about the diets and lifestyles of
those who occupied the large site of Dos Cabezas.
After his initial field season, he returned to work at
the site many times. During the late 1990s, Donnan
uncovered a complex of four tombs. In one of the
tombs, Tomb 3, he found three burials. The
project’s osteologist, Alana Cordy-Collins, col-
lected soil samples from the pelvic regions of all
three burials in hopes that these remains of faecal
residues would provide valuable information about
the ancient diets of the Moche people. The
samples were then given to Geyer, who analysed
them for fossil pollen and then reported his
findings (Geyer et al., 2003). Herein lies the
problem. In our opinion, some of his conclusions
are incorrect and we fear they will continue to
haunt the interpretation of the archaeological
record of Dos Cabezas until corrected.
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Geyer et al. (2003) identified 34 pollen types
from the three pelvic samples and presented
interpretations which we believe are in error. We
hope to demonstrate this by a thorough and
critical review of the paper and a reevaluation of
the pollen identifications and interpretations.
Reinterpreting the dietary pollen
evidence recovered from the Moche
giants
Geyer et al. (2003) presented a confusing
description of the material they analysed. They
stated: ‘In obtaining a coprolite sample, sediment
is taken from the pelvic girdle, specifically where
the colon would have descended’ (Geyer et al.,
2003: 276). It is unclear whether they analysed
formed coprolites (faeces) or loose sediment
derived from an area which once held faeces. This
is not a trivial concern. Although many tech-
niques of coprolite analysis can be applied to
burial sediments, such sediments are more prone
to be contaminated with pollen from other
sources that can potentially filter into the burial.
Therefore, control samples from the site must be
examined to sort out the influence of contami-
nation. We assume that Geyer et al. analysed
burial sediments based on their methods descrip-
tion (2003: 281–2).
The methods for analysis of burial sediments
were established many years ago (Bryant &
Morris, 1986; Shafer et al., 1989; Reinhard et al.,
1992; Berg, 2002). All researchers emphasised the
importance of control samples to establish the
background pollen spectrum. These researchers
established that macrofloral and faunal remains
are commonly found in burial sediments. The
identification of the macrofloral remains in burials
provides insight into the dietary source of
recovered pollen. If faunal remains are found,
pollen in the intestinal tract could have been
introduced by the consumption of entire rodents,
lizards, or nectar and pollen feeding insects.
These salient references are not cited by Geyer
et al. (2003). Furthermore, they did not process
control samples, nor did they search for macro-
fossil remains.
The types of error that can occur in
palynological reports are listed in Table 1.
Chaves & Reinhard (2006) present guidelines
for the interpretation of economic use of pollen
taxa regarding medicines, based on reviews of
archaeopalynology (Bohrer, 1981; Hevly, 1981;
Bryant and Holloway, 1983; Dimbleby, 1985)
(Figure 1). The guidelines are equally applicable
to questions of dietary use of plants and poison
consumption. These guidelines refer mostly to
the pollen found in human coprolites, but they
also apply to the identification of economic plant
usage from the pollen in burial sediments. The
following questions should be considered for
each discovered pollen type. Is the pollen type of
a food taxon endemic to the study area or of a
food product that could have been traded to the
site? Is it likely that pollen from the source plant
will be attached to, or included in, the part of the
plant that is ingested? Is it likely that pollen
from the parent plant will be retained when the
plant is prepared as medicine or food? Is the
pollination strategy of the plant in question
(i.e. wind vs. insect pollination) likely to result in
the pollen being distributed over the landscape
in the normal pollen rain? Is the morphology of
the pollen in question so unique that it can be
Table 1. Types of common errors in palynology
Type 1—Endemicity When a purported pollen type is not endemic to study area and time
Type 2—Use When a purported pollen type does not match purported use of the species
Type 3—Preparation When a plant’s pollen is not present in economic preparation from the plant
Type 4—Consumption When a plant’s use does not include ingestion
Type 5—Pollination When a pollen type has a widely dispersed pollination such that the natural
pollen rain could be its source
Type 6—Uniqueness When a purported pollen type is not distinct to a specific taxon
Type 7—Abundance When a pollen type is not abundant enough to warrant economic interpretation
Type 8—Lab error When laboratory facilities do not prevent contamination, and/or microscopy facilities are
inadequate, and/or the palynologist has insufficient experience or reference collections
for the research area or temporal period
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identified to the species level? Can the pollen
be used to infer the medicinal/dietary use of the
plant at the genus or species level? Is the amount
of pollen recovered from the plant in question
abundant in the sample, or does the pollen type
occur only as a trace occurrence of only one or a
few pollen grains?
All of the above questions should be applied to
any discussion of economic plant usage at any
archaeological site. Thus, these questions are
relevant to an examination of the pollen data
recovered and reported by Geyer et al. (2003), and
especially to their hypothesis that some of the
pollen types recovered from the coprolites at Dos
Cabezas represent the use of plant poisons.
Dietary pollen types
One of the first points of concern in the Geyer
et al. (2003) study is their identification of the use
of fava beans (Vicia faba) and the inference that
these beans were being cultivated by the Moche
culture. We believe that their identification of
fava bean pollen is in error and that the
cultivation of these beans was beyond the
subsistence potential of the Moche. The major
problem is that fava beans are native to the Old
World where they were cultivated in the Near
East (Miller, 1992: 44–5). Therefore, we find it
highly unlikely that fava bean pollen could have
been recovered from the pre-Columbian-age
deposits at Dos Cabezas. However, fava beans
have been introduced into Peru in historic times.
Perhaps the purported fava bean pollen is either
misidentified or it is modern contaminant pollen
that filtered into the burials.
There are other pollen identifications in the
Geyer et al. (2003) report that also concern us. For
example, they identified pollen at the Dos
Cabezas site as coming from the century plant
(Agave americana). This species has its origins in
Mexico and was later introduced into Peru during
the historic period (Irish & Irish, 2000). We
believe that they may have found agave pollen,
Figure 1. This chart illustrates the decisions a palynologist must make to determine if a discovered pollen type in
coprolites resulted from the economic use of a properly-identified source plant. If the decision process leads to an ‘error’
at any point, then the palynologist should reconsider the identification and/or interpretation of the pollen type. If the
process leads to ‘potential error’ then he/she must proceed very cautiously and rely on control samples and pollen
concentration studies to estimate the probability that recovered pollen reflects dietary use. Only when all criteria are met
can the palynologist be confident that the pollen type is identified correctly and that it resulted from economic use of a
source plant.
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but that it is from one of the indigenous species in
the Agavaceae plant family or it is from modern
sources that filtered into the burial. In addition,
they reported finding only one agave pollen
grain, which may have come from any source and
is unconvincing as solid evidence of dietary use.
We are also skeptical of the claims made by
Geyer et al. (2003) that they recovered and
identified a number of pollen grains from plant
species that are grown for their tubers in the
Andes regions as primary starch sources. These
include their identifications of: (1) arracacha
(Arracacia xanthorrhiza); (2) maca (Lepidium meyenii);
(3) oca (Oxalis tuberosa); and (4) potato (Solanum
tuberosum). The altitude at which the root and
tuber plants in question grow is generally much
higher than the near sea-level elevation of the
Dos Cabezas site (National Research Council,
1989; CONDESAN–CIP, 1997; Hermann &
Heller, 1997). Oca grows at elevations between
2500–4000masl (metres above sea-level). Arra-
cacha grows between 1000 and 3100masl, and
maca grows at elevations of 4000masl. Many of
the species of potatoes are also high-elevation
crops. Geyer et al. (2003) also report yuca (Manihot
esculenta), which does grow at low elevations. All
of these plants are propagated by vegetative
plantings, not seeds dependent on flowers.
Indeed, arracacha does not normally flower
(Knudsen, 2003), and maca is a self-pollinating
biennial (Quiro´s & Ca´rdenas, 1997). There were
two types of ancestral, wild arracacha, a biennial
form and a perennial form. Ancient people in the
Andes domesticated the perennial form and not
the biennial, seed-propagating one (Hermann,
1997). Maca grows from seed in the first year, but
the roots grow in the second year, when no
flowering occurs (CONDESAN–CIP, 1997;
Quiro´s & Ca´rdenas, 1997).
We have spent considerable time researching
the pollen found in archaeological sites in Peru.
From our past research, we have found that it is
highly unlikely or nearly impossible to recover
pollen in diets that result from the consumption
of these tuber and root plants. During the early
1970s, VMB worked at the high-elevation
Andean site of Ayacucho with Richard MacNe-
ish. During that period we found nearly 100
human coprolites, which were thoroughly
examined first by Eric O. Callen, and then by
VMB. Although those coprolite data were never
published due to the untimely deaths of both Drs
Callen and MacNeish, none of the coprolites
contained any pollen from the list of root and
tuber types found by Geyer et al. (2003). In a
second study from 1990–1994, we conducted
additional pollen analyses of coprolites recovered
in low-elevation Peruvian mummies from the
Osmore drainage (Reinhard, 1993; Reinhard &
Bryant, 1994; Reinhard et al., n.d.). Although
we knew that roots and tubers were a starch
source used by prehistoric groups in the region,
we found no pollen evidence for the use of these
starch sources. This was even true during the
examination of coprolites from mummies that
were found buried in tombs where roots and
tubers were present as offerings.
To develop a method for tuber root identifi-
cation in coprolites, KJR spent two months
during 1996 in the high Andes town of
Huancayo, Peru, collecting a diversity of native
roots and tubers that were being grown as crops.
The samples examined included species reported
by Geyer et al. (2003). Using those Andean tuber
reference collections, Vinton (1997) and Nelson
(1997) found that the distinctive starch grains of
these plants did preserve through human diges-
tion and could be recovered in the digestive tracts
of mummies. The starch grains were also
recovered from burials and coprolites. However,
during these studies no arracacha, maca, yuca, oca
or potato pollen was ever recovered. In an
analysis of 46 coprolites, examined primarily for
starch and pollen remains from the Lluta Valley of
Chile, Vinton (1997) found yuca starch grains in
seven coprolites, oca starch grains in four
coprolites, and various types of potato starch
grains in four coprolites. Nevertheless, even
though there was proof that these foods had been
eaten, none of the coprolites contained the pollen
from any of these species (Vinton, 1997).
Similarly, our analysis of 25 Chiribaya mummies
from southern Peru commonly revealed yuca
starch grains, but no yuca pollen (Reinhard &
Bryant, 1994; Reinhard et al., n.d.).
One reason for the absence of these root and
tuber plant pollen types in coprolites is quite
simple. These plants are insect-pollinated and
therefore produce very little pollen. By the time
the roots and tubers have matured for harvest
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and are then prepared as food, the flowers,
which are above ground, have withered and
disappeared. Even if some of the pollen
from these root and tuber crops might have
fallen to the ground and become part of the
soil, when the tubers were cleaned, washed,
or prepared as food, attached soil pollen
would have been lost. Therefore, it seems to
us that it would be nearly impossible to have
attached pollen from these plants included as
part of the food when these roots and tubers
were eaten.
What about the possibility that some of the
pollen from these plants might have been
present in the atmosphere and settled on
prepared foods about to be eaten? We suspect
that pollen control samples from the Dos
Cabezas site would have resolved that question,
but those studies were not done. Nevertheless,
we believe this scenario is unlikely. All of these
root and tuber crops are insect-pollinated
plants. As mentioned earlier, it is rare for such
pollen to be represented in the normal pollen
rain of an area, even in regions where those
types of plants grow abundantly.
Another point to consider regarding the use
of potatoes is that the type of potato grown and
traded in pre-Inca times (chun˜o) was prepared
for storage by taking the harvested potatoes up
to the treeless Puno regions of the Andes and
then freeze-drying the tubers. Freeze-drying
methods included soaking potatoes in cold,
high altitude streams, and then squeezing out
the water and finally drying the potatoes in
specially vented structures. This process
reduces even more the probability that pollen
from these plants would be present on these
widely-traded potatoes.
As we have already pointed out, we remain
skeptical regarding Geyer et al.’s (2003) identifi-
cations of the pollen from various root and tuber
crops at the Dos Cabazes site. Most of the pollen
types they found from root and tuber plants are
non-endemic to the lowland regions of Peru.
Furthermore, if these items were obtained in trade,
it is not likely that pollen grains would have been
carried on the roots or tubers. Lastly, it is unlikely
that pollen would have persisted in the preparation
of food from the tubers or that any of the pollen
could have come from the local pollen rain.
The pollen identifications reported by Geyer
et al. (2003) include ciruela (Bunchosia armeniaca)
and tarwi (Lupinus mutabilis), both of which come
from plants that are known to be high-elevation
cultigens. Ciruela grows between 1500 and
2400masl (National Research Council, 1989).
Tarwi can be grown as low as 800masl but it is
more commonly grown at higher elevations up
to and higher than 3000masl (National
Research Council, 1989). These are insect-
pollinated plants which would leave very little
or no pollen contamination on the food
product. Tarwi is a bean, so the actual food
product is removed from the pod and the
consumed portion is never exposed to pollen.
Because of the natural ecology of these two
plants, and because they are endemic to higher-
elevation habitats, we think that it is probable
that these pollen identifications from the Dos
Cabezas site are also in error.
Geyer et al. (2003) also noted that they found
peanut (Arachis hypogaea) pollen. If this identi-
fication is correct, then the discovery is
remarkable. Peanut flowers produce small
amounts of insect-pollinated pollen, which
must be fertilised while the flowers are above
ground (McGregor, 1976). The developing seed
pod is then shoved underground by growing
stems. We cannot conceive of a way in which
pollen from the above-ground flowers would
persist on the underground forming pods.
Usually, the peanuts would first be washed to
remove dirt, which would also remove any
attached pollen. Next, if the seeds inside the
pods were then removed before being eaten,
then it would be impossible for any pollen from
the plant to be on the seeds or to become part of
the pollen contents of a coprolite. Even when
entire peanut pods were chewed and eaten it is
unlikely that pollen would be introduced into
the intestinal tract this way. During a modern
experiment, no peanut pollen was found in the
faeces of a volunteer who ate 25 whole peanuts,
including the outer shells. The peanuts were
purchased in a five-pound bag from a commer-
cial source and the volunteer’s faecal samples
were examined for three days after eating the
peanuts.
Geyer et al.’s (2003) discovery of other pollen
types in the Dos Cabezas remains may not reflect
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dietary usage of those plants, even though that
point is stated as one of their conclusions. They
found one cholla cactus grain (Cylindropuntia) in
one burial. Similar to the single agave pollen
grain, we do not believe that this is sufficient
evidence of the intentional consumption of any
part of the cholla plant. Similarly, the low pollen
counts of other insect-pollinated types they
found could be suggestive, but are not proof of
dietary use. These include: (1) squash (Cucurbita
maxima); (2) pacay (Inga feuillei); (3) cucuzzi
(Lagenaria siceraria); (4) lucuma (Lucuma bifera);
(5) palta (Persea americana); and (6) pallar (Phaseolus
lunatus). We believe that the authors need to
produce additional verification of the potential
dietary use of these plants. Complementary
evidence could be additional analyses of the
soils from these sites, or data from additional
studies of burial sediments that included a search
for macroscopic remains, starch, phytoliths, or
further verification in the form of ample
concentrations of these pollen types recovered
in coprolites.
Several of the pollen types found and reported
by Geyer et al. (2003) could accurately reflect
dietary use. These pollen types include aji
(Capsicum baccatum), achocha (Cyclanthera pedata)
and guava (Psidium guajava). These plants were
available to coastal Peruvians either through trade
or from local production. Pollen grains are
especially abundant in the flowers of achocha
and guava. The larger numbers of pollen grains
that they found from these plants suggest
consumption, and it would allow for comparative
studies with modern reference pollen to ensure
that their identifications to the species level are
indeed possible for these pollen taxa.
We are also concerned by the Geyer et al.
(2003) report regarding their identification and
interpretation of kiwicha (Amaranthus caudatus) and
quinoa (sic. ‘Chenopodiaciea’). We are not sure
how they were able to be certain that the pollen
they recovered actually represents the parent
plants of kiwicha and quinoa. Both of these plants
produce pollen grains that are morphologically
nearly identical to the pollen from more than a
thousand other species and close plant relatives,
all of which are weeds and not cultigens. Because
of the morphological similarities among the
pollen types in more than 100 genera and 1300
species of plants in the Chenopodiaceae, and
their overall similarity with the pollen of more
than 50 species in the genus Amaranthus in the
Amaranthaceae, Martin (1963) suggested lump-
ing all of them into the general category ‘Cheno-
Am’. Only through detailed studies of all the
different Cheno-Am pollen types within a given
geographical region (McAndrews & Swanson,
1967), or through extensive pollen studies using
the scanning electron microscope (SEM), can one
be certain of the precise identification of certain
species of these plants.
Vinton’s (1997) study shows how important it
is to analyse macroscopic seed remains to
establish a basis for Cheno-Am pollen interpret-
ation, which is a lesson that should be transferred
to burial sediment analysis. Vinton (1997) noted
in her coprolite studies that she often found
complementary evidence of both Cheno-Am
pollen and Chenopodium seeds. She also found
that there was on average about 2674 Cheno-Am
pollen grains per gram of coprolite, when the
same coprolite also contained the macrofossil
remains of Chenopodium seeds. Reinhard
et al. (1992) found the same to be true of
burial sediments. If Geyer et al. (2003) had
analysed seeds from the burial sediments in
addition to pollen, they may have been able to
support their claim that the chenopod or
amaranth pollen they found actually had a dietary
origin.
Geyer et al. (2003) reported high numbers of
maize (Zea mays) pollen, which is not unexpected
for this site. Maize is wind-pollinated, but the
pollen is large and heavy and does not travel far
from its source (Hevly, 1981). Nevertheless, in
the harvesting and preparation of maize for food,
maize pollen was often consumed unintentionally
with maize-based foods. Vinton (1997) found as
many as 1903 maize pollen grains per gram of
coprolite for Chilean Late Intermediate Period
and Late Period coprolites, with the average
concentration value for Zea pollen being 696
grains per gram. She also found the pericarp of
maize kernels in the macroscopic analysis of the
coprolites. Based on previous studies, it is quite
likely that the maize and Cheno-Am pollen
found by Geyer et al. (2003) do reflect dietary
use. However, their conclusions are weakened
by the absence of supporting macroscopic
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analysis of the burial soils, and the absence
of pollen data from control samples that
might have shown how abundant this pollen
type could be in the normal pollen rain of the Dos
Cabezas region.
Background pollen types
Geyer et al. (2003) identified four types of
background pollen. One of these is identified
as the thistle Cirsium altissimum. This plant is insect-
pollinated and thus its pollen is rare in the normal
pollen rain. In addition, the pollen in the genus
Cirsium can be confused easily with other genera
of thistles and their relatives. Therefore, we are
concerned that this pollen identification might
also be in error and we wonder whether the
pollen might actually have come from related
types, some of which have economic importance.
The authors also noted finding small amounts of
wormwood (Artemisia tridentata). This plant is
native to North America and grows mostly in
cool and semiarid, high-elevation environments
above 1500 metres (Whitson, 1996). We think it
is unlikely that this plant was in the Moche
region.
Some of the other background pollen they
found includes sedges (Cyperus eragrostis and Scirpus
californicus). We have found that it is nearly
impossible to use pollen to distinguish the various
species of these two genera without SEM
analyses. Often it is nearly impossible even to
assign pollen of these two types to the proper
genus because of similar morphologies, and both
Cyperus and Scirpus are easily degraded in soils,
thereby making precise identifications even more
uncertain. We would suggest that it might be
prudent to combine all of the sedge pollen (i.e.
Cyperus eragrostis and Scirpus californicus) into one
large, family-level category called the Cyper-
aceae. There are some plants in this family that
are associated with dietary use, such as Schoeno-
plectus. If all of the sedge pollen from the Dos
Cabezas site currently listed as Cyperus and Scirpus
were combined into the one larger, family-level
group, then we are struck by the variation in
abundance of this type between the three samples
from the Moche giants. We maintain that it is
possible that the Cyperaceae pollen grains may
not necessarily be part of the background pollen
rain, but instead might reflect dietary use of plants
in this family.
Reinterpreting pollen evidence of
poisoning of the Moche giants
Geyer et al. (2003) identified pollen from six
poisonous and/or medicinal plant species in the
remains from Dos Cabezas. These include one
high-altitude plant species, coca (Erythroxylon
coca), four tropical Amazonia plant species
(Brunfelsia grandiflora, Cassia reticulata, Lonchocarpus
nicou, Nealchornea yapurensis) and one plant species
that is endemic to the tropical environments in
both North and South America (Sapindus sapo-
naria). If these pollen grains were identified
correctly, then this information might indeed
suggest that the death of the Moche giants could
have been caused by poisoning. Geyer et al.
(2003: 278) write that the Moche ‘purposely
incorporated them in the last meals of these
individuals with the intent of causing a premature
death. The researchers ask that this hypothesis at
least be considered.’
To test this hypothesis, we can follow the logic
presented by Chaves & Reinhard (2006). Firstly,
with regard to endemicity, none of these plants
are endemic to the Dos Cabezas region.
However, coca was traded to the lowlands by
cultures living at higher elevations in the Andes.
The four Amazonian plant species are tropical
and endemic to the east side of the Andes
(Schultes & Raffauf, 1990; Plotkin, 1993). They
are not endemic to the arid, Pacific Ocean side of
the Andes. This means that these plants would
have had to be traded from the Amazonian region
across the Andes to the Moche region in the
Peruvian lowlands. Soapberry (Sapindus saponaria)
is a tropical plant, but it is not endemic to the Dos
Cabezas region of coastal Peru. The knowledge
that all five of the tropical plants just mentioned
grow in areas very distant from the Peruvian
Pacific coast immediately begs the question of
whether these plants were actually used by the
Moche culture. Since the only recorded use of
these plants by the Moche culture rests on the
pollen recovered and identified by Geyer et al.
(2003), we feel their interpretation is premature.
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Geyer et al. (2003) also suggested that these
plants were used as poisons. It is true that B.
grandiflora, C. reticulata, L. nicou, N. yapurensis and S.
saponaria were used as poisons in the tropical
regions of Amazonia. However, these plants were
used to make dart-tip (curare) poisons, not poisons
that were designed to be taken internally. The
poisons are made from the leaves, bark and roots of
these plants, not the flowers (Schultes & Raffauf,
1990; Plotkin, 1993). Also, all of these plants are
insect-pollinated. For pollen grains to be included
in the poison preparations, flowers or flower buds
would need to be used, which is inconsistent with
the reported preparation method. Finally, we
cannot be confident of the correct identification
of these pollen types because no descriptions or
photographs of the pollen are included in the
Geyer et al. (2003) report.
We remain highly skeptical that these pollen
types were actually present in the remains
reported from the Dos Cabezas site. As noted,
none of these species are endemic to the Moche
study area, five of the reported types are endemic
to the east side of the Peruvian Andes, and all are
tropical. Five of the reported types are from plants
that are poisonous, but the poisons that are made
from those plants do not include the flowers and
are not taken internally.
We do know that coca leaves were traded
down to the coastal areas from the Andes, and it is
possible that the Moche giants chewed coca
leaves. However, coca is not a poison and only
becomes poisonous after the alkaloids from the
leaves are removed and concentrated, as is done
in modern types to produce cocaine. Leaves from
the coca plant were chewed in prehistory, but
because coca plants are insect-pollinated, there
would rarely be even a small trace amount of coca
pollen on any of the ingested coca leaves. It is also
noteworthy that in analyses of dental calculus and
mummy coprolites from the Andean region, coca
pollen has never been found (Reinhard & Bryant,
1994; Vinton, 1997; Nelson, 1997; Reinhard et al.,
2001, n.d.).
Summary
We believe that at least some of the types of
errors presented in Table 1 may have been made
during the Geyer et al. (2003) analysis. We have
listed and tabulated those potential errors in
Table 2. As detailed above, in our opinion there
could be at least one error in each of 28 of their
identifications. Because Geyer et al. (2003) did not
use reference collections, and because they did
not specify laboratory conditions or microscopy
used in their analysis, it is difficult to rule out
possible laboratory or identification errors.
Beyond these common errors, we believe that
there are some serious flaws in the reported pollen
data presented by Geyer et al. (2003) that go
beyond laboratory analysis. Firstly, the analysis of
burial sediments and remains should be con-
ducted in conjunction with controlled palaeoeth-
nobotanical field excavation sampling. Secondly,
pollen control samples should be collected from
within the burial features, from the surrounding
fill, and from the habitat surrounding the site
Table 2. Types of potential errors in the Geyer et al.
(2003) interpretations: potential errors are indicated by
an X in the corresponding error type box
Taxa Error types from Table 1
1 2 3 4 5 6 7 8
Agave americana X X X ?
Artemisia tridentata X
Amaranthus caudatus X X ?
Arachis hypogaea X X X X X ?
Arracacia xanthorrhiza X X ?
Brunfelsia grandiflora X X X X ?
Bunchosia armeniaca X ?
Cassia reticulata X X X X ?
Cucurbita maxima X ?
Cylindropuntia species X ?
Cyperus eragrostis X
Erythroxylon coca X ?
Inga feuillei X ?
Lagenaria siceraria X ?
Lepidium meyenii X X ?
Lonchocarpus nicou X X X X ?
Lucuma bifera X ?
Lupinus mutabilis X ?
Manihot esculenta X ?
Nealchornea yapurensis X X X X ?
Oxalis tuberosa X X ?
Persea americana X ?
Phaseolus lunatus X ?
Sapindus saponaria X X X X ?
Scirpus californicus X
sic. ‘Chenopodiaciea’ X X ?
Solanum tuberosum X X ?
Vicia faba X X ?
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(Adams &Mehringer, 1975; Reinhard et al., 1992).
Collected control samples should be processed
either before or at the same time as samples from
the burial samples, because the control samples
offer the best way to determine which pollen
types are potential background contaminants and
which resulted from intentional usage.
The analysis of burial sediments and coprolites
should be multidisciplinary. Interpretation of the
pollen record is compromised if complementary
studies of the macroscopic remains are not
conducted. If one wants to gain the greatest
amount of data from burial sediments and
coprolites, one should analyse pollen grains,
examine phytoliths, search for starch grains, look
for other microscopic plant fragments, search for
parasites, examine the seeds, identify the stems
and fibres present, look for mussel and bird-egg
shell fragments, examine recovered hair samples,
identify bones, and try to identify all of the other
macroscopic animal and plant remains in a sample
(Reinhard & Bryant, 1992). If this type of
comprehensive analysis is not done, then
potential data are lost and analysis of the samples
can become a wasted effort.
In the Andean region, the importance of
searching for starch remains cannot be over-
emphasised (Vinton, 1997). Starch grains present
a wonderful source of dietary information because
the grains are distinctive and the types from oca,
chun˜o, maca, manioc, and other sources such as
achira (Canna edulis) can be identified.
In fossil pollen studies, and especially in
coprolite and mummy digestive tract analyses,
pollen concentrations are an essential element
(Maher, 1981; Sobolik, 1988; Reinhard et al.,
1991, 2002, 2006; Vinton, 1997). This method is
based on the quantification of pollen grains per
unit weight or volume of an analysed sample.
Most often, the quantification is possible because
fossil pollen numbers are compared with a known
quantity of introduced, tracer spores, usually
those of Lycopodium. Quantification of pollen in
samples adds additional interpretative data to the
relative percentages of pollen in a sample.
There are four essential parts of a pollen study
of archaeological materials, and each must be
done thoroughly to produce reliable interpret-
ations. Firstly, the archaeological samples and
control samples must be collected carefully to
ensure against potential pollen contamination.
Secondly, laboratory pollen extraction must be
done in a contamination-free facility, and
techniques that are used must not destroy or
damage the pollen. Thirdly, recovered fossil
pollen should be compared with modern pollen
reference samples to ensure correct identifi-
cations. In some cases where adequate reference
materials are not available, fossil pollen should
be tentatively assigned at the family and/or
genus level. For example, it is wise to include the
designation ‘cf.’ (compares favourably) for those
fossil types where positive identification is not
certain. Furthermore, in the absence of SEM
studies, it is rare that fossil pollen types can be
identified and confirmed as belonging to only
one species of a plant genus, unless the pollen
grain’s morphology is unique at the level of light
microscopy. Fourthly, once the pollen analysis
is complete, it is critical that the resulting data
be interpreted as logically and correctly as
possible, making assumptions only about those
pollen types which seem to fit logically into
patterns of either background or economic
categories.
Our discussion in this paper has focused on
some of the problems related to the published
pollen data from archaeological sites. We have
used the pollen study by Geyer et al. (2003) as an
example of some of the problems that currently
exist in the published literature. In our critique
of the published pollen record from Dos
Cabezas, we have drawn examples from our
own experiences working with similar types of
deposits from sites in Peru and elsewhere in
South America. In this regard, we hope that the
reader will find our discussions and comments
helpful, keeping in mind that these are our
opinions based on specific first-hand experience
at other Andean sites.
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